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Objective: The primary objective of this cross sectional pilot study was to report clustered risk 
scores combining traditional invasive with non invasive cardiometabolic risk markers in 10-11 
year old children participating in the CHANGE! project at baseline. A secondary objective was 
to determine the relationship between clustered risk score and objectively measured physical 
activity (PA) and cardiorespiratory fitness (CRF). Design: Habitual PA was measured using 
accelerometry and CRF (VO2peak) was assessed using an individually calibrated treadmill based 
protocol. Twenty-nine participants had valid data for all components of the clustered risk score, 
calculated using total cholesterol: high density lipoprotein-cholesterol (TC:HDL-C), glucose, 
systolic blood pressure (BP), LV Mass Index (g/m2.7), and trunk fat mass (g). Participants with a 
clustered risk score greater than 1SD above the mean were categorised as ‘higher’ risk (n=6); all 
others were categorised as ‘normal’ risk. Results: Clustered risk score, controlling for somatic 
maturity and gender, was negatively correlated with vigorous intensity physical activity (VPA) 
(r= -0.51, p=0.01), moderate to vigorous intensity physical activity (MVPA) (r= -0.44, p=0.03) 
and VO2peak (r= -0.57, p<0.01). ANCOVA, with somatic maturity and gender as covariates, 
revealed that those in the ‘normal’ risk group were more fit than those in the ‘higher’ risk group 
[f (1,24)=4.518, p=0.044]. There were no statistically significant differences between risk groups 
and PA; however, mean data suggest that those in the ‘normal’ risk group accrued 4 minutes 
more daily VPA than the ‘higher’ risk group which may be clinically important. Conclusion: 
This provides further evidence of the importance of promoting CRF and VPA in children, to 
reduce cardiometabolic risk especially for those that are ‘higher’ risk. 
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INTRODUCTION 
 
It is widely accepted that cardiometabolic disease has 
its origins in childhood, although clinical symptoms 
may not become apparent until later in life (6, 7). 
Recent and consistent evidence suggests that a high 
proportion of young people exhibit one or more 
cardiometabolic risk markers (33). Since children are 
likely to retain these risks into adulthood (10), it is 
paramount to identify those at risk and implement 
intervention strategies at an early age to combat these 
modifiable      risk     factors.     Risk     markers     for 
cardiometabolic disease include: hypertension, type 2  
 
diabetes mellitus (T2DM), high levels of serum total 
cholesterol (TC), a low serum concentration of high 
density lipoprotein cholesterol (HDL-C), and/or high 
concentration of low density lipoprotein cholesterol 
(LDL-C), LDL particle size, inflammation, ventricular 
hypertrophy and dysfunction, and vascular dysfunction 
(6).  
Over the last decade childhood obesity has increased 
in the United Kingdom (UK) (9, 31) which, along with 
low cardiorespiratory fitness (CRF) and physical 
inactivity, increases the risk of developing 
cardiovascular disease and metabolic syndrome (2, 3, 
15). Furthermore, CRF, an independent risk factor for 
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cardiometabolic disease and a product of physical 
activity (PA), has decreased independent of changes in 
body size and other confounders (8, 9, 31). Current 
recent UK guidelines recommend children participate 
in at least  60 minutes of daily moderate to vigorous 
intensity PA (MVPA), whilst engaging in vigorous 
intensity activities at least 3 times per week (12). 
However, few children reportedly meet this daily 
figure (27, 28).  
Studies have often estimated cardiometabolic risk by 
combining several risk markers in one overall 
clustered risk score (2, 3). This clustered risk score 
may be more clinically meaningful than investigation 
of individual risk markers due to the range of 
structural, functional and biochemical disturbances 
associated with cardiometabolic disease, and the day 
to day variation in individual risk markers (30).  
While previous clustered risk scores have included 
traditional markers such as TC, HDL-C, and blood 
pressure (BP), they have rarely included noninvasive 
risk markers such as left ventricular (LV) mass or 
estimates of adiposity using reference standard 
measures such as dual-energy x-ray absorptiometry. 
Furthermore, few studies have combined measures of 
clustered cardiometabolic risk with objective measures 
of physical activity and cardiorespiratory fitness. The 
current study used reference standard measurement 
techniques to assess body composition (DEXA), 
physical activity (accelerometry) and cardiorespiratory 
fitness (individually calibrated treadmill based VO2peak 
protocol). In larger scale studies the combination of 
such high quality measures are rarely used. For 
example, The European Youth Heart Study (EYHS) 
employs skin fold thickness as an estimate of  body fat 
(2, 3), and the HEALTHY study (n = 6358, mean age 
11.8 (± 0.6) years) used BMI as an indicator of 
fatness, 20 m multi-stage shuttle run test performance 
as a measure of fitness (20) and self reported measures 
to estimate PA (32), and neither study employed non 
invasive measures of cardiac structure.  A composite 
score of cardiometabolic risk incorporating measures 
of structural, functional, and biochemical variables, 
was used rather than solely focussing on one or two of 
these measures, and may in addition compensate for 
day to day fluctuations in individual risk factors (2, 
30).  
The objectives of this pilot study were to report 
clustered risk scores that combine traditional invasive 
with non invasive cardiometabolic risk markers, and to 
determine the relationships between clustered risk 
score and objectively measured PA and CRF.  
 
MATERIAL AND METHODS 
 
Participants 
 
The     CHANGE!     pilot     study    was   a   clustered 
randomized controlled trial (RCT) and is registered 
with Current Controlled Trials (ISRCTN03863885). 
Twelve schools from the Wigan Borough in North-
West England were recruited to the study, 6 randomly 
assigned to the intervention condition. Wigan is a 
large municipal borough with a population of over 
300,000, which is recognized as an area of high 
deprivation and health inequalities (34). The borough 
is divided into six Neighbourhood Management Areas, 
and two schools were selected from each area, 
stratified by free school meal entitlement. 
Randomization occurred prior to baseline measures to 
allow training to take place in intervention schools and 
give the schools time to familiarize themselves with 
the curriculum intervention. This cross-sectional 
analysis used baseline data, collected in the autumn 
term (October-November), from CHANGE! with 
control and intervention groups pooled. Ethical 
approvals were granted by the local institutional ethics 
committee. All children within Year 6 (10-11.9 yrs) 
were invited to take part in the CHANGE! study from 
each school. A stratified random sub-sample of sixty 
participants (5 participants from each school) were 
invited to take part in additional study measures. If the 
selected children did not wish to participate another 
participant was randomly selected from the volunteers 
in the school.  
 
Measurements  
 
Habitual physical activity (PA) was objectively 
measured in the field using a uni-axial accelerometer 
(ActiGraph GT1M LLC, Pensacola, FL, USA) worn 
on the right hip. The accelerometer was set to record 
activity counts taken every 5 seconds over seven 
consecutive days. Minimum wear time was defined as  
≥ 540 minutes on week days (17) and  ≥ 480 minutes 
on weekend days (29) for a minimum of 3 days (24). 
These inclusion criteria have previously shown 
acceptable reliability in similarly aged children (24). 
Sample-specific cut points were generated using a sub-
study and ROC analysis approach (23).  
Participants attended the laboratories for one day and 
undertook measurements of cardiorespiratory fitness 
(CRF), body composition, and cardiovascular structure 
and function. Following an initial familiarisation of the 
treadmill, peak oxygen uptake (VO2peak) was assessed 
using a continuous incremental treadmill (H P 
Cosmos, Traunstein, Germany) test to volitional 
exhaustion using an online gas analysis system (Jaeger 
Oxycon Pro, Viasys Health Care, Warwick, UK). All 
participants wore an accelerometer (Actigraph GT1M, 
ActiGraph LLC, Pensacola, FL, USA) on the right hip 
and a heart rate monitor (Polar, Kempele, Finland) 
throughout the test. As large variation in biological 
age of the participants was evident, the VO2peak test 
speeds were calibrated individually by programming 
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treadmill speeds to set Froude (Fr) numbers (25), this 
approach has been described previously in similar 
aged children (18).  VO2peak was determined as the 
highest 15-s averaged oxygen uptake achieved during 
the test when participants exhibited subjective 
indicators of peak effort that were confirmed by a 
respiratory exchange ratio > 1.05 and/or HR > 195 
beats.min-1. 
Stature and sitting stature were measured to the nearest 
0.1 cm and body mass to the nearest 0.1 kg using a 
stadiometer (Seca, Bodycare, Birmingham, UK) and 
calibrated electronic scales (Seca, Bodycare, 
Birmingham, UK) using standard techniques (22). 
Body Mass Index (BMI) was calculated using the 
equation body mass (kg) ÷ height (m)2. Lean body 
mass and fat mass data was obtained from a whole 
body scan using dual energy X-ray absorptiometry 
(DEXA) (Hologic QDR series, Delphi A, Bedford, 
Massachusetts, USA). Somatic maturation was 
estimated using the Mirwald equation (26) by 
determining years from peak height velocity. This 
method has been used previously in similar paediatric 
populations (17, 19) and shows acceptable agreement 
with skeletal age (26).  
After anthropometric assessment, participants rested in 
a supine position. Electrodes were attached for a three 
lead ECG system intrinsic to the Ultrasound Imaging 
System (Esoate Mylab 30CV, Italy). 
Echocardiographic images were then obtained with the 
subject lying in the left lateral decubitus position. A 
two dimensional image of the left ventricle in the long 
axis was obtained by placement of a 2.5 MHz 
transducer at the parasternal window. M-Mode 
recordings were taken at the tip of the mitral valve 
leaflets. With a concomitant ECG trace, septal 
thickness (ST), posterior wall thickness (PWT) and 
left ventricular (LV) internal dimension in diastole 
(LVID) were digitized at the peak of the R-Wave. LV 
mass was estimated using a previously validated 
regression-corrected ‘cube formula’ (LV Mass = 1.04 
(ST + LVID + PWT)3 – (LVID3) – 13.6 g) (13). All 
ultrasound scans were performed by one technician. 
Left Ventricular (LV) mass was adjusted for height of 
participants using the equation LV Mass 
(g)/Height(m)2.7 (11). Blood pressure was assessed on 
the left arm using an automated blood pressure 
monitor (GE DINAMAP ProCare 100-400 Series, 
UK) at rest following ultrasound measurements and 
the mean of two measurements was retained for 
analysis.   
Participants attended a blood sampling session at each 
school. After verbal confirmation of overnight fasting, 
seated finger prick capillary blood samples were taken 
between 8.30-10:00 am. Samples were collected in 35 
μl capillary tubes and immediately analyzed for total 
cholesterol, high-density lipoprotein cholesterol 
(HDL-C), and glucose using the Cholestech LDX 
analyzer (Alere, Stockport, UK). Low-density 
lipoprotein cholesterol (LDL-C) was calculated using 
the Friedewald formula (16).  Breakfast was provided 
for all participants following blood sampling.  
 
Statistical Analysis 
 
Data were examined for normality and trunk fat mass 
was normalized using log10 transformation. Gender 
differences were assessed using one way analysis of 
co-variance (ANCOVA) with somatic maturity as a 
covariate. Standardized z-scores were calculated 
separately by gender and summed to create a 
continuous clustered risk score. Participants with a 
clustered risk score greater than 1SD above the grand 
mean, were categorized as ‘higher’ risk (n=6); all 
others were categorized as ‘normal’ risk (n=23). This 
method has been used previously in similar studies (2). 
Pearson’s correlation coefficients, controlling for 
gender and maturation, were completed to assess the 
relationship between clustered risk score and VO2peak, 
moderate-to-vigorous (MVPA), and vigorous (VPA) 
physical activity. ANCOVA, with somatic maturity 
and gender as covariates were conducted to determine 
differences in VO2peak; MVPA, and VPA between risk 
groups. All analyses were conducted using SPSS V.17 
(SPSS, Chicago, IL.) 
 
RESULTS 
 
Participants (mean age 10.6 ± 0.28 years) in the 
subsample (n = 60) did not differ from the wider 
participant group for anthropometric measures (p > 
0.05). Table 1 shows means and standard deviations 
for anthropometrics for the sub sample and the wider 
participant group.  
Table 2 displays mean and standard deviation values 
for anthropometrics, body composition, fitness, 
physical activity, and cardiometabolic risk by gender.  
Girls were more mature, had higher % fat and total fat 
mass, and lower HDL-C, PA levels, and VO2peak.  
 
 
Table 1. Anthropometrics of participants in the subsample 
and non subsample CHANGE! participants. 
 
 Subsample 
Non-subsample 
CHANGE! 
participants 
 Mean SD Mean SD 
Height (cm) 145.0 7.4 143.5 7.5 
Sitting Height (cm) 72.0 4.1 71.3 4.3 
Mass (kg) 37.7 8.3 37.4 9.1 
Waist Circumference (cm) 61.9 7.3 62.0 7.8 
Hip Circumference (cm) 69.7 8.6 68.8 8.7 
BMI (kg/m2) 17.8 2.9 18.0 3.4 
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Table 2. Anthropometrics, cardiometabolic risk markers, PA, and CRF by gender.  
 
Boy Girl  
 
N Mean SD N Mean SD  
Maturity Offset (Years to PHV) 26 -3.1 0.3 34 -1.2 0.6 ** 
Height (m) 26 1.4 0.1 34 1.5 0.1  
Sitting Height (m) 26 0.8 0.0 34 0.8 0.0  
Body Mass (kg) 26 36.2 6.6 34 39.7 9.5  
BMI (kg/m2) 26 17.7 2.5 34 18.5 3.4  
Total Cholesterol (mmol/l) 14 3.9 0.5 17 4.3 0.6  
HDL-C (mmol/l) 13 1.5 0.3 17 1.3 0.2 * 
TC:HDL-C  13 2.8 0.4 17 3.4 0.6 ** 
Glucose (mmol/l) 14 4.9 0.4 17 4.8 0.3  
Systolic BP (mmHg) 26 106.0 6.5 34 109.1 9.4  
Diastolic BP (mmHg) 26 58.8 4.5 34 60.8 5.9  
Whole Body Fat % 26 22.3 5.8 34 26.6 6.9 * 
Whole Body Fat Mass (kg) 26 8.5 3.7 34 11.1 5.7 * 
Whole Body Lean Mass (kg) 26 28.2 3.4 34 28.8 4.8  
Trunk Fat Mass (kg) 26 2.7 1.5 34 3.8 2.7  
LV Mass Index (g/height m2.7) 24 39.3 7.5 29 35.7 7.4  
PA (counts per min) 21 651.3 193.2 33 517.0 116.2 ** 
Sedentary Time (min per day) 21 560.0 72.3 33 572.1 48.9  
Light (min per day) 21 111.2 22.2 33 111.0 19.7  
Moderate PA (min per day) 21 54.8 16.5 33 41.6 10.6 ** 
VPA (min per day) 21 21.7 9.9 33 13.5 5.2 ** 
MVPA (min per day) 21 76.5 24.0 33 55.1 14.1 ** 
Relative VO2Peak (ml/min/kg) 25 46.5 9.6 33 40.8 8.8 * 
Risk Score 13 0.2 3.2 15 0.3 2.6  
 
*p<0.05 **p<0.01 
 
 
Table 3. PA Levels and CRF of both risk groups. 
 
  Higher Risk Normal Risk 
n Mean (±SD) n Mean (±SD) 
Sedentary (min per day) 5 593.8 (69.5) 22 562.1 (53.5) 
Light PA (min per day) 5 108.7 (9.4) 22 104.2 (19.9) 
MPA (min per day) 5 42.5 (10.1) 22 43.9 (11.7) 
VPA (min per day) 5 11.8 (4.9) 22 15.8 (7.9) 
MVPA (min per day) 5 54.4 (14.7) 22 59.7 (17.5) 
Relative VO2 Peak (ml/kg/min) 6 35.5 (8.9) 23 43.5 (8.5)* 
 
*<0.05
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Figure 1. Correlation between clustered risk score (sum of z 
score) and Vigorous Physical Activity.  
 
 
 
Figure 2. Correlation between clustered risk score (sum of z 
score) and Moderate to Vigorous Physical Activity. 
 
 
 
Figure 3. Correlation between clustered risk score (sum of z 
score) and Relative VO2 peak. 
Of the 60 children that took part in the study, 29 had 
complete risk scores and VO2 peak data, and 27 had 
complete risk scores and PA data. These reduced 
numbers were due to non compliance for PA 
monitoring or blood sampling. The children with 
complete risk scores (n=29) did not differ in terms of 
anthropometrics to those who did not have complete 
clustered risk scores (n=31).  
Pearson’s correlation analysis described a moderate 
negative correlation between clustered risk score and 
VPA (r= -0.51, p=0.01), MVPA (r= -0.44, p=0.03) and 
VO2peak (r= -0.57, p<0.01).  
PA and CRF levels of the two risk groups are shown 
in Table 3. ANCOVA analysis revealed that, after 
adjusting for maturity offset and sex, those in the 
‘normal’ risk group were more fit than those in the 
‘high’ risk group [f(1,24)=4.518, p=0.044]). There 
were no statistically significant differences between 
risk groups and PA.  
 
DISCUSSION 
 
This pilot study reports baseline results for clustered 
risk scores that combine traditional invasive with non 
invasive cardiometabolic risk markers, and aimed to 
determine the relationship of this clustered risk score 
with objectively measured PA and CRF. Participants 
categorised as ‘higher’ risk were significantly less fit 
than those in the ‘normal’ risk category, furthermore, 
VO2peak was significantly negatively correlated with 
clustered risk. These findings are supported by other 
studies that have found a similar relationship between 
clustered risk and fitness in children (2, 3). However 
this study has included different risk markers in the 
overall clustered risk score to those of the EYHS, 
emphasizing the importance of fitness on other risk 
markers, such as LV Mass, as well as the traditional 
markers employed by EYHS.  
Significant moderate negative correlations were found 
for clustered risk score and MVPA and VPA 
respectively, and this has been supported by other 
studies (8); however VPA had a stronger correlation, 
which suggests that VPA may be more important in 
protecting against cardiometabolic risk than MVPA.  
As shown in Table 2, in the present study girls were 
more mature, had higher percentage body fat and total 
fat mass, and lower PA levels and VO2peak than boys. 
This is common in other studies of similar age 
participants (4, 5). The present study also 
demonstrated that girls had significantly lower HDL-C 
than boys, whereas the EYHS did not find any 
significant differences between genders (4). Studies in 
children have shown a beneficial effect of exercise 
training on HDL-C (14) and adverse lipid profiles are 
associated with increased adiposity (21).  Since boys 
in the present study were more active, less fat, and had 
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higher fitness levels, this could explain the higher 
levels of HDL-C in boys. Further research is required 
to confirm this finding in boys.  
There are limitations within this study. Primarily the 
study lacked statistical power due to the small sample 
size. The sample size was small due to poor 
compliance for some of the measurements used to 
create a clustered risk score. Because of the small 
sample size and narrow age range of participants, the 
results may not be generalised to a wider population. 
Furthermore, as this study was cross-sectional, 
causality cannot be conferred. In addition, the 
clustered risk score does not highlight which of the 
individual risk components contribute the greatest risk, 
as each variable has equal weighting within the 
calculation of the score. A further limitation is the 
exclusion of whole body fat mass as a covariate. As 
trunk fat was included in the clustered risk score, and 
body mass was accounted for in the VO 2peak score, 
whole body fat mass was excluded to prevent co-
linearity within analyses. Finally, although the study 
includes a range of markers within the risk score, an 
estimate of systemic inflammation is absent. However, 
the evidence obtained does highlight some interesting 
findings that suggest an increase in VPA and CRF is 
related to cardiometabolic risk, but further 
investigation is warranted and future research should 
include larger sample sizes and include an estimate of 
systemic inflammation within the clustered risk score. 
Furthermore, this study was conducted at baseline for 
a healthy eating and physical activity intervention, and 
the impact of this intervention on clustered 
cardiometabolic risk will be investigated as part of the 
CHANGE! study.  
The participants categorized as ‘higher’ risk in the 
present study are based on being the highest risk for 
the population sampled, however this does not 
necessarily mean that they are clinically at high risk. 
The EYHS recently recommended fitness levels for 
metabolic health based on the clustered risk scores 
from the EYHS population. Recommended VO 2peak 
levels were 37.4 ml/kg/min and 43.6 ml/kg/min in 9 
year old girls and boys respectively (1). In this study, 
girls in the higher risk group had a mean VO2peak of 
34.2 ml/kg/min, and boys had a mean of 36.7 
ml/kg/min which is lower than the recommended 
levels for 9 year olds, which suggests the at risk 
participants may have been classified ‘at risk’ 
according to EYHS criteria. Further research is 
required to accurately classify children as ‘at risk’ 
using longitudinal designs. 
  
CONCLUSION 
 
The present study reports clustered risk scores, which 
combined both traditional invasive markers with non-
invasive preclinical markers of cardiometabolic risk. 
This clustered risk score was significantly related to 
vigorous intensity physical activity and 
cardiorespiratory fitness. This study further 
emphasizes the importance of promoting 
cardiorespiratory fitness and vigorous physical activity 
in childhood, especially for those already with 
increased cardiometabolic risk.  
 
REFERENCES 
 
1. Adegboye ARA, Anderssen SA, Froberg K, Sardinha L, 
Heitmann BL, Steene-Johannessen J, Kolle E, and Andersen 
LB. Recommended aerobic fitness level for metabolic health in 
children and adolescents: a study of diagnostic accuracy. Br J 
Sports Med 45: 722-728, 2011. 
2. Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, 
Brage S, and Anderssen SA. Physical activity and clustered 
cardiovascular risk in children: a cross-sectional study (The 
European Youth Heart Study) The Lancet 368: 229-304, 2006. 
3. Andersen LB, Sardinha LB, Froberg K, Riddoch CJ, Page AS, 
and Andersen SA. Fitness, fatness and clustering of 
cardiovascular risk factors in children from Denmark, Estonia 
and Portugal: The European Youth Heart Study. Int J Pediatr 
Obes 3: 58-66, 2008. 
4. Andersen LB, Wedderkopp N, Hansen HS, Cooper AR, and 
Froberg K. Biological cardiovascular risk factor clusters in 
Danish children and adolescents: the European Youth Heart 
Study. Prev Med 37: 363-367, 2003. 
5. Bailey DP, Boddy LM, Savory LA, Denton SJ, and Kerr CJ. 
Associations between cardiorespiratory fitness, physical activity 
and clustered cardiometabolic risk in children and adolescents: 
the HAPPY study. Eur J Pediatr Sep 18. [Epub ahead of print] 
6. Berenson GS and Srinivasan SR. Cardiovascular risk factors in 
youth with implications for aging: The Bogalusa Heart Study. 
Neurobiol Aging 26  303-307, 2005. 
7. Berenson GS, Wattigney WA, Bao W, Srinivasan SR, and 
Radhakrishnamurthy B. Rationale to study the early natural 
history of heart disease: the Bogalusa Heart Study. Am J Med 
Sci 310 Suppl 1: S22-28, 1995. 
8. Boddy LM, Fairclough SJ, Atkinson G, and Stratton G. 
Changes in cardiorespiratory fitness in 9-10.9year old children: 
SportsLinx 1998-2010. Med Sci Sports Exerc, 2012. 
9. Boddy LM, Hackett AF, and Stratton G. Changes in fitness, 
body mass index and obesity in 9-10 year olds. J Hum Nutr Diet  
23: 254-259, 2010. 
10. Camhi SM and Katzmarzyk PT. Tracking of cardiometabolic 
risk factor clustering from childhood to adulthood. Int J Pediatr 
Obes 5: 122-129, 2010. 
11. De Simone G, Devereux RB, S.R D, Koren MJ, Meyer RA, and 
Laragh JH. Effect of Growth Variability of Left Ventricular 
Mass: Assessment of Allometric Signals in Adults and Children 
and Their Capacity to Predict Cardivoascular Events. J Am Coll 
Cardiol 25: 1056-1062, 1995. 
12. Department of Health PAHIaP. Start Active, Stay Active: A 
report on physical activity from the four home countries’ Chief 
Medical Officers. London: Department of Health 2011. 
13. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, 
Sachs I, and Reichek N. Echocardiographic assessment of left 
ventricular hypertrophy: comparison to necropsy findings.  Am 
J Cardiol 57: 450-458, 1986. 
14. Eliakim A, Makowski GS, Brasel JA, and Cooper DM. 
Adiposity, lipid levels, and brief endurance training in nonobese 
adolescent males. Int J Sports Med 21: 332-337, 2000. 
15. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, and Dietz 
WH. Cardiovascular risk factors and excess adiposity among 
overweight children and adolescents: the Bogalusa Heart Study. 
J Pediatr 150: 12-17 e12, 2007  
	  
 
Clustered risk, MVPA and fitness in children 
 
 Arch Exerc Health Dis 3 (3): 207-213, 2012                                       213 
16. Friedewald WT, Levy RI, and Fredrickson DS. Estimation of 
the concentration of low-density lipoprotein cholesterol in 
plasma, without use of the preparative ultracentrifuge. Clin 
Chem 18: 499-502, 1972. 
17. Graves LEF, Ridgers ND, Atkinson G, and Stratton G. The 
effect of active video gaming on children's physical activity, 
behaviour preferences and body composiiton. Pediatr Exerc Sci 
22: 535-546, 2010. 
18. Hopkins ND, Stratton G, Maia J, Tinken TM, Graves LE, Cable 
TN, and Green DJ. Heritability of Arterial Function, Fitness, 
and Physical Activity in Youth: A Study of Monozygotic and 
Dizygotic Twins. J Pediatr 157: 943-948, 2010. 
19. Hopkins ND, Stratton G, Tinken TM, McWhannell N, Ridgers 
ND, Graves LEF, George K, Cable NT, and Green DJ. 
Relationships between measures of fitness, physical activity, 
body composition and vascular function in children. 
Atherosclerosis 204: 244-249, 2009. 
20. Jago R, Drews KL, McMurray RG, Thompson D, Volpe SL, 
Moe EL, Jakicic JM, Pham TH, Bruecker S, Blackshear TB, 
and Yin Z. Fatness, Fitness and Cardiometabolic Risk Factors 
among Sixth-Grade Youth. Med Sci Sports Exerc 42: 1502-
1510, 2010. 
21. Lamb MM, Ogden CL, Carroll MD, Lacher DA, and Flegal 
KM. Association of body fat percentage with lipid 
concentrations in children and adolescents: United States, 1999-
2004. Am J Clin Nutr 94: 877-883, 2011. 
22. Lohman T, Roche AF, and Martorell R. Anthropometric 
standardization reference manual. Champaign, Illinois, 1991. 
23. Mackintosh KA, Fairclough SJ, Stratton G, and Ridgers ND. A 
Calibration Protocol for Population-Specific Accelerometer 
Cut-Points in Children. PLoS One 7: e36919, 2012. 
24. Mattocks C, Ness A, Leary S, Tilling K, Blair SN, Shield J, 
Deere K, Saunders J, Kirkby J, Davey Smith G, Wells J, 
Wareham N, Reilly J, and Riddoch C. Use of accelerometers in 
a large field-based study of children: protocols, design issues, 
and effects on precision. J Phys Act Health 5: S98- S111., 2008. 
25. Minetti AE. Walking on other planets. Nature 409: 467-468, 
2001. 
26. Mirwald R, Baxter-Jones A, Bailey D, and Beunen G. An 
assessment of maturity from anthropometric measurements. 
Med Sci Sports Exerc 34: 689-694, 2002. 
27. Ness AR, Leary SD, Mattocks C, Blair SN, Reilly J, Wells J, 
Ingle S, Tilling K, Smith GD, and Riddoch C. Objectively 
Measured Physical Activity and Fat Mass in a Large Cohort of 
Children PLoS Med 4: e97, 2007. 
28. Riddoch CJ, Mattocks C, Deere K, Saunders J, Kirkby J, Tilling 
K, Leary SD, Blair SN, and Ness AR. Objective measurement 
of levels and patterns of physical activity. Arch Dis Child 92: 
963-969, 2007. 
29. Rowlands AV, Pilgrim EL, and Eston RG. Patterns of habitual 
activity across weekdays and weekend days in 9-11 year old 
children. Prev Med 46: 317-324, 2008. 
30. Ruiz JR, Ortega FB, Rizzo NS, Villa I, Hurtig-Wennlof A, Oja 
L, and Sjostrom M. High cardiovascular fitness is associated 
with low metabolic risk score in children: the European Youth 
Heart Study. Pediatr Res 61: 350-355, 2007. 
31. Stratton G, Canoy D, Boddy LM, Taylor SR, Hackett AF, and 
Buchan IE. Cardiorespiratory fitness and body mass index of 9-
11-year-old English children: a serial cross-sectional study from 
1998 to 2004. Int J Obes (Lond) 31: 1172-1178, 2007. 
32. The HEALTHY Study Group. HEALTHY study rationale, 
design and methods: moderating risk of type 2 diabetes in 
multi-ethnic middle school students. Int J Obes (Lond)  33: S4-
S20 2009. 
33. Thomas NE and Williams DRR. Inflammatory factors, physical 
activity, and physical fitness in young people. Scand J Med Sci 
Sports 18: 543-556, 2008. 
34. Wigan Borough Partnership. Living Well in Wigan Borough. 
Joint Public Health Strategy Wigan: Wigan Borough 
Partnership, 2007. 
 
 
